Abstract When comet C/2013 A1 (Siding Spring) passed nearby Mars in 2014, it offered an unprecedented opportunity to observe the interaction between the dust tail of the comet and the atmosphere of Mars. Here I provide an overview of a recent series of four articles reporting observations from three satellites fortuitously orbiting Mars at the appropriate time (MAVEN, MEX, and MRO). These observations reveal high-velocity ablation and ionization of metals from the comet, the diffusion and transport processes that operated in Mars' atmosphere, and the abundance of these metals in the comet.
By early 2014, precise observations of the level of activity of the comet Stevenson et al., 2015] enabled the detailed modeling of the possible flux of dust particles into Mars' atmosphere Kelley et al., 2014; Ye and Hui, 2014] . Key parameters in the model are the ejection velocity of the dust grains from the comet nucleus and the size-frequency distribution (SFD) of the dust grains, which are expected to follow a power law. As shown in Tricarico et al. [2014] , small changes in the estimates of these parameters corresponded to changes in dust fluence at Mars by a few orders of magnitude. The nominal model results seemed to indicate that the dust cloud would nearly miss Mars but also included the possibility that a small fraction of grains, of the order of a few percent, would be ejected at higher velocities and thus reach Mars. The predicted time t peak of peak dust flux Kelley et al., 2014] was approximately 20 UT on 19 October 2014 or approximately 90 min after the close approach of the comet.
Although the close passage of the comet by Mars represented a special scientific opportunity, it also posed a threat to Mars orbiters. Estimating t peak as accurately as possible was of paramount importance in order to adjust the orbiters' position so they could use Mars as a shield from the peak flux, and modeling the duration of the dust flux had implications on when it was safe to resume the spacecraft operations and observations, including determining the chemical composition of the dust and observing the interaction of the dust with Mars' atmosphere and the evolution of the atmosphere in the hours and days after the initial dust exposure.
The earliest observations after the passage of the comet came from the Mars Reconnaissance Orbiter (MRO). With its nearly circular and short period orbit, MRO was able to resume the observations at t peak + 1 h in the Mars region exposed to dust, just south of the equator; see Figure 1 . Restano et al. [2015] report shallow radar observations in the nightside of Mars, where the presence of a sporadic ionized layer is inferred by the observed dispersion in the radar pulse signal, as this effect depends on the ionized particle density along the signal path. A similar observation confirming this effect was repeated at t peak + 8 h, this time near the north pole. A similar effect was not observed before or afterward. Benna et al. [2015] report the initial detection of metallic ions by the mass spectrometer on MAVEN at t peak + 9 h. The mass spectrometer operated at altitudes between 185 and 500 km, and the ions peaked during the orbital passage at t peak + 18 h and were still observable 2.5 days after the passage of the comet.
These observations offer a remarkably detailed picture of the process of high-velocity deposition of cometary dust in the atmosphere of Mars, the partial ablation and ionization of metals from the comet, and the diffusion and transport processes that were operating. The early MRO observations by Restano et al. [2015] indicate that the grains reached Mars within 1 h of the estimated t peak . From Figure 1 , we can see that all the positive observations up to t peak + 14 h were principally in the hemisphere that was expected to be exposed to cometary dust. The peak of ions observed by the MAVEN mass spectrometer on the opposite hemisphere at t peak + 18 h constrain the timescale of diffusion and transport processes [Benna et al., 2015] .
Looking forward, it would be desirable to try to reconcile small discrepancies to refine model parameters and possibly improve overall estimates of the evolution of the comet and its interaction with Mars. For the dust ejection from the comet, one could try to obtain refined ejection velocity models that better fit the accumulated observations, including taking into account the effect of jets . Also, trying to better constrain the grain size, density, and SFD of the dust would be desirable. For the altitude of the vaporized dust layer, the results of Gurnett et al. [2015] and Schneider et al. [2015] are in general agreement although not exactly, and it would be desirable to try to reconcile these results. For this purpose, it is interesting that the MAVEN pass at t peak + 4 h and the MEX pass at t peak + 5 h are in close proximity both spatially and temporally; see Figure 1 , and this may allow a direct comparison.
If such an event were to ever repeat, it may be useful to consider some lessons learned. First, estimating the cometary activity is difficult and requires regular monitoring, and the sweet spot for the release of predictions is probably 3-6 months before the close approach, when the predictions are stable and there is enough time for missions to perform orbit maneuvers to minimize the risk of impacts. Also, a good first-order approximation for t peak is the epoch of the orbit plane crossing. Finally, such events are rare, but when they happen, they happen fast, and there is no time to deploy any dedicated mission to perform specific observations. You have to do with what you have already in place. In this case, we were most fortunate to have three satellites nearby. ast , and the opposite hemisphere not exposed to dust (right), along with the ground tracks of the missions reporting observations. Tracks are color coded by mission, and the number next to each track indicates the time delay between the dust peak flux time t peak and the passage. (bottom) Altitude of missions as a function of time in hours after t peak = 20 UT of 19 October 2014. MAVEN and MEX are on eccentric orbits and operate only when passing at low altitude, while MRO is on a low-altitude, nearly circular orbit.
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